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SCOPE 
This  r epor t  co \ - e r s  the work pe r fo rmed  dur ing  the per iod 
August 10 to  Srp ten iber  9 ,  
h l a t e r i a l s  Specifications and Engineer ing Information, ” SRI  P r o j e c t  
ASD-50-10 under  J P L  Contract  No. 950745. 
1965 on “Po lyn ie r s  for  Spacecraf t  H a r d w a r e - -  
The p r i m a r y  object ives  of this p r o g r a m  a r e  to  a s s i s t  the J e t  
Propuls ion  L.aboratory in the development and prepdra t ion  of po lymer ic  
m a t e r i a l  specif icat ions to  be used in connection with J P L  spacec ra f t ,  
and to  provide d study of the effects of s imula ted  space  environment  on 
sel<,cted c o m m e r c i a l  polymeric  products.  The m a t e r i a l s  and products  
to  be studied and the extent of w o r k  to b e  per formed a r e  specified by 
the J P L  Cognizdnt Engineers .  
The p rogram i s  being conducted as  two in t e r r e l a t ed  phases ,  
running concurrent ly:  The purpose  of P h a s e  I, Po lymer i c  h4ater ia ls  
Specif icat ions,  is  to  obtain quantitative values  for  p a r a m e t e r s  which 
may b e  used to  a s s u r e  the per formance  of a given batch of m a t e r i a l  
in  ;i spacec ra f t  environment.  The purpose  of P h a s e  11, Engineer ing  
Information,  i s  to  es tab l i sh  m a t e r i a l  l imi ta t ions  and to  obtain de- 
ta i led  des ign  information. 
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PHASE 1 - POLYMERIC MATERIALS SPECIFICATIONS 
15 minutes  
30 minutes  
24 hour s  
5. 215907 
5. 216312 
5. 217055 
WORK PERFORMED 
Work was continued with General E lec t r i c  Sil icone SE-555 
(white) to  es tab l i sh  a method of sample prepara t ion  which would p ro -  
vide opt imum vacuum-weight- loss  values. Samples  w e r e  used in  the  
f o r m  of l a r g e  p ieces ,  a s  finely-cut shreds ,  and a s  ground powders.  
Exposure  t i m e s  of 24, 48, 72, and 96 hours  were  se lec ted  in  o r d e r  
to a s c e r t a i n  whether the weight- loss  determinat ions could b e  m a d e  
during a n  ave rage  work  week. The r e su l t s  of these  de te rmina t ions  
a r e  given in Table I. 
r e s u l t s  f rom the var ious  methods of preparat ion,  the  s imples t  method 
of handling is r ecommended  for e las tomer- type  m a t e r i a l s ,  i. e . ,  p i eces  
cut t o  maximum s i z e  to  fit in the sample ce l l s  and b e  removed easily.  
Since l i t t le  difference i n  weight- loss  values  
Some deviation in  weight loss -va lues  i s  a t t r ibu tab le  to  weights 
being r eco rded  at different  t i m e s  (within 1 / 2  hour).  
gene ra l  knowledge that  po lymer ic  ma te r i a l s  will adso rb  moi s tu re  and 
a i r ,  even i n  a des i cca to r ,  a f te r  exposure to a vacuum-thermal  en- 
vironment ,  sufficient t ime  mus t  be  allowed to pe rmi t  the  samples  to  
r e a c h  an  equi l ibr ium t e m p e r a t u r e  with that in  the ba lance  room,  
pa r t i cu la r ly  when a m i c r o  o r  s emimic ro  balance is employed. 
view of the change in  weight with t ime, i l lus t ra ted  below, an  exact 
t i m e  for  weighing s a m p l e s  a f t e r  vacuum-thermal  exposure  is p r e -  
s c r i b e d  f o r  specif icat ions purposes;  exactly one- half hour has  been  
se l ec t ed  to provide m a x i m u m  cooling and min imum weight i nc rease .  
Although it is 
In 
T i m e  l apse  a f t e r  removing samples  f rom 
vacuum- t h e r m a l  environment  and s to r ing  
i n  des i cca to r  (SE- 555) Sample W t . ,  g 
2 
3 
_____ . - - - .___- 
TABLE I 
E F F E C T  O F  SAMPLE CONFIGURATION 
ON WEIGHT LOSS AT 125OC AND TORR 
Wt.Loss ,  g 
- 
0. 010750 
0. 010025 
0. 010035 
1 T r e a t m e n t  Exposure ,  i+%: __I Wt. Loss ,%,  I - _ - _ _  I 
0 . 4 6  j 
0. 41 
0. 42 I 
I 
I I 72 
I 
1 96 
1 
& . _. 
I II:% 24 
I 
48 
I 72 
i 
j 96 
s. M't., g 
_--- 
2. 315110 
2.460585 
2. 377695 
2. 365140 
_ _ _  .. 
1. 570575 
1. 67bb55 
I 
I ! 
I 
1. 730225 0. 008160 0. 47 
1. 374530 0.006313 ; 0.46  ! ,
I 
0. 004835 0 . 3 5  1 III* I 24 1 .  368235 
I 
48 ' 1. 213260 0. 006760 0 . 5 6  1 
72 1. 264610 0. 007355 
1 .  154275 0. 006445 96 
.___ ___. __ ---- - _- 
: I Sample, a s  rece ived ,  3 s t r i p s  of 2" x 1 /2"  x 1/16" 
::: I1 Sample ,  a s  rece ived ,  sl iced with sca lpe l  into p ieces  of about 
:::I11 Sample,  a s  rece ived ,  f rozen  with liquid ni t rogen and ground 
1 /2"  x 1/1611 x 1 /64"  
in  a m o r t a r ;  d r i e d  under low vacuum a t  room t e m p e r a t u r e  
f o r  1 / 2  hour  and s to red  in a des i cca to r  until weighed. 
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Additionally, s ince  the ini t ia l  sample  weight of po lymer i c  m a t e r i a l s  
is also dependent on ambient  conditions, a s tandard  p rocedure  will  b e  
employed fo r  ensur ing  reproducibil i ty of r e s u l t s  in any  c l ima te ;  s a m p l e s  
a r e  to  b e  placed i n  a 507'0 re lat ive-humidi ty  environment  (a t  20-30 OC) 
fo r  a t  l e a s t  24 hours  p r i o r  t o  tes t .  
T h e  Silicone SE-555 apparent ly  i n c u r r e d  a s teady r a t e  of weight- 
l o s s  a f t e r  the ini t ia l  outgassing within the f i r s t  24 h o u r s  of exposure. 
Since the relat ively low total  weight- loss  is well  under  the 1% often 
quoted a s  being pe rmis s ib l e  for space po lymers ,  i t  s e e m e d  appropr i a t e  
to  sugges t  t i m e  exposures  of 48 and 96 hour s  to  e s t ab l i sh  weight loss 
and weight l o s s  r a t e  c r i t e r i a  for  specifications purposes .  
At the reques t  of the JPL  Cognizant Engineer ,  a s e r i e s  of RTV 
si l icone potting compounds (Genera l  E lec t r i c )  w e r e  se lec ted  for weight- 
l o s s  de te rmina t ions  at 125 C. The following m a t e r i a l s  w e r e  rece ived  
i n  the c u r e d  state: RTV-11, RTV-560, RTV-615, and RTV-60. Dupli- 
ca t e  s a m p l e s  of 2" x 1 /2"  w e r e  cut from the shee t s ,  humidified as  
desc r ibed  above, and exposed t o  the the rma l -vacuum environment  in  
the equipment detai led in  In te r im Report  No. 1 ;  one sample  of each  w a s  
r emoved  a f t e r  48 hour s  and the duplicate a f t e r  96 hours .  
m a t e r i a l s  i ncu r red  weight - losses  g r e a t e r  than 1%; the RTV-60 and 
RTV- 61 5 had a n  apparent  s teady-s ta te  weight- l o s s  i n c r e a s e  of about 
87'0 p e r  hundred hours ,  but the value f o r  RTV- 11 was  about 207'0 and 
for  RTV-560 about 3070. 
c u r v e s  w e r e  valid, and whether  the values  w e r e  reproducible ,  f r e s h  
s a m p l e s  w e r e  p r e p a r e d  for  exposure pe r iods  of 96 hour s  and 192 hours .  
A s  indicated in  Table  11, reproducibi l i ty  of de te rmina t ions  a t  96 hour s  
v a r i e d  f r o m  0. 00-0 .  12'70 abs .  Additionally, when the r e su l t an t  f i gu res  
a r e  plotted, the  data  indicate  that s teady-  s t a t e  weight l o s s  i n c r e a s e s  
a r e  m o r e  near ly  achieved a f t e r  96 hours  for  th i s  c l a s s  of m a t e r i a l s .  
P e r h a p s  the  m o s t  r easonab le  approach f o r  specif icat ions pu rposes  is 
to r e q u i r e  that weight l o s s  determinat ions be m a d e  in dupl icate  (not to 
v a r y  more  than t 0. 10% abs )  af ter  96 hours  of exposure  to  the t h e r m a l -  
vacuum envi r  o m  ent. 
0 
A l l  of t h e s e  
In o r d e r  t o  a s c e r t a i n  whether  t hese  "2-point" 
- 
4 
. ~ . . _ _ _  I-- 
1- __- -_. - - - - - 
I 
I 
i Sample  Exposure  
! Time ,  H r s .  
1 
f RTV-60 48 
96 
96 
192 
RTV-615 48 
96 
96 I 192 
48 
96 
96 
i 192 
RTV-560 48 
I 96 
I 96 
1 
i 
! 192 
I 
1 
i 
I 
i 
RTV- 11 
I 
b --_ - -- 
- -. -. . - - -- .- - _ _ _  __  
s. Wt. , g Wt.Loss,  g 
---- ---- - -- . . - - 
3. 893215 0. 040 140 
3. 891950 0.042635 
3. 870065 0. 035610 
3. 862725 0. 036845 
2. 506210 0. 036825 
2. 601180 0. 042615 
2. 524705 0. 041310 
2. 661260 0. 047050 
3. 017650 0.040 165 
3. 151675 0. 046840 
2. 893040 0. 048050 
2. 975525 0. 050810 
3. 996970 0. 137085 
3. 635515 0. 143520 
3 .  751525 0. 139985 
3.901770 0. 150150 
---- -- - - 
Wt.Loss, yo 
_. -. _ _  
1. 0 3  
1. 10 
0. 92 
0. 95 
1. 47 
1. 64 
1. 64 
1. 77 
1. 3 3  
1. 49 
1. 66  
1. 68 
3. 43 
3. 95  
3. 72 
3. 85 
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A s a t i s f a c t o r y  procedure  has  been  ini t ia ted for  the de te rmina t ion  
of the amine  values '  for a s e r i e s  of Epon adhes ives  (Shell Chemical  
Company) and will b e  submit ted in appropr ia te  f o r m  for  inclusion in  the 
specif icat ions r equ i r emen t s  for  epoxide adhesives .  
de te rmined  by this  procedure  w e r e  c ros s -checked  b y  m i c r o  de t e rmina -  
t ions for  ni t rogen;  the  r e s u l t s  of these ana lyses  a r e  s u m m a r i z e d  in 
Table  111. 
The amine  values  
I 
Epon No. ' Amine Value 70 N.ir Amine Value  
I 
I 
i 931; P a r t  B 970-972 24. 3 
, 901; Agent B-3  740-741 18. 5 
, 914 32- 33 0. 8** 
.. . . __ - - - . . - . . . . . . . . -. . .--. - ___ . - .. . . . . . I I 
I 
70 N, m i c r o ,  
27. 4 
19. 3 i 
I 3. 6 
I 7. 6 - 8 .  3 I 1 1 . 6  I 0.2** -._---- -- 422 J 
:tAmine value = mil l ig rams  of KOH equivalent to  the bas ic i ty  in  
:%:+An apparent  value for the  amine content. 
1 g of sample.  
Br ie f ly ,  the  p rocedure  for  the de te rmina t ion  of amine  va lues  in-  
volves the t i t r a t ion  of amine  groups with pe rch lo r i c  acid in  nonaqueous 
m e d i a  (g lac ia l  ace t ic  acid) ,  using methyl  violet indicator  solution. In 
a n  effor t  to  uti l ize s tandard ized  ASTM procedures ,  ASTM Method 
D 2073-62T ( f o r  fa t ty  amines)  was f i r s t  investigated,  but w a s  found to 
have a weak and difficult ly locatable end point, and low and inaccura t e  
va lues  w e r e  observed.  
1 
Welcher ,  F. J. (Ed i to r ) ,  Standard Methods of Chemical  -I. .- Analysis,  
D. Van Nostrand Company, Inc. , New York, 1963, Vol. 11, P a r t  A, 
p. 488. 
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FUTURE 1 4 7 0 ~ ~  
Vacuum weight l o s s  de te rmina t ions  will  b e  m a d e  on a continuing 
b a s i s  in  o r d e r  to  e s t ab l i sh  l imitations for specif icat ions r equ i r emen t s  
fo r  var ious  polymer ic  ma te r i a l s .  
p r o p e r t i e s  of po lymers  will b e  conducted as  r equ i r ed  for incorpora t ion  
into specif icat ions r equ i r emen t s  and t e s t  p rocedures .  
Investigations of physical  and chemica l  
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PHASE I1 - ENGINEERING INFORMATION 
JI-ORK PERFORMED 
Determina t ions  of volati le condensable material (VChl value a t  
- 6  125/25OC and 10 
2718 and Vitons A-4411A-990 and -991 (DuPont) .  
de te rmina t ions  a r e  s u m m a r i z e d  in Tab les  IV, V, and VI and i l lus t ra ted  
in F i g u r e s  1 and 2. Only a minor  discolorat ion w a s  observed  on the  
polished- copper  collecting-plugs for the Vitons; the deposit ion f r o m  
Hypalon A - 2 2 1  1A-2718 w a s  the same  ye l low-green  coating noted f rom,  
HJpalon A-2211A-2717 in p r i o r  work a t  143/25 OC. 
torr):k have been completed fo r  Hypalon A-221 1A- 
The r e s u l t s  of these  
A s  indicated in Tab les  IV and V, the g rea t e s t  p a r t  of the weight 
lost  f r o m  Vitons A-441 1A-990 and -991 i s  a t t r ibu tab le  to  noncondensable 
( a t  25OC) m a t e r i a l s ;  a t r end  i s  a l so  indicated toward reduction of con- 
densable  m a t e r i a l  which would imply t h e  gradual  pumping- off of l i g h t -  
molecular -weight  VCM deposited initially on the cooled sur faces .  
con t r a s t ,  while the quantity of noncondensable g a s e s  r e l eased  by the 
Hypalon A-221 1A-2718 (Table  VI) shows a sn ia l l e r  re la t ive  inc rease .  
the quantity of VCM indicates  a marked  i n c r e a s e  with l i t t l e  evidence 
for  the r emova l  of init ially-deposited VCM; the s a m e  gene ra l  shape of 
c u r v e  w a s  obse rved  f o r  Hypalon A-221 1A-2717 a t  143/25  
previous ly  ( s e e  In t e r im  Report  No. 2, May 30, 1965, JPL Contract  
9 5 0 3 2 4). 
In 
0 C, studied 
Because  of re - loca t ion  and c u r r e n t  modif icat ions to  the mass 
s p e c t r o m e t e r  used  fo r  identifying the subs tances  r e l eased  f r o m  poly- 
m e r i c  m a t e r i a l s ,  such  analyt ical  data  a r e  not avai lable  a t  th i s  t ime.  
In view of the l a r g e  number of po lymer ic  m a t e r i a l s  which m u s t  
be  evaluated, and the  fac t  that  plast ics  and l amina te s  will b e  studied 
as well  as  e l a s t o m e r s ,  the VCM appara tus  (desc r ibed  in  the  In te r im 
‘KVCM is defined as  the weight of condensate  obtainable a t  25OC i n  
a given in t e rva l  of t i m e  f r o m  a unit a r e a  of m a t e r i a l  of a given thick- 
n e s s  main ta ined  a t  1 2 5  C in a vacuum of a t  l e a s t  5 x t o r r .  0 
8 
~~ 
I .  
I 
I 
I 
I 
Exposure  
T ime ,  Hr.  S .  Wt. ,  g 
24  7. 019872 
--I - - - . - - - 
TABLE IV 
I 
VCM DETERMINATION A T  125/25OC AND TORR 
I- 
i 
. . - - 
Weigh t  Loss, 70 VCMo V a l u e  
Condensable Noncondensable '  125/25  C, m g / i n  _ _ _  .___ .. . .. -. .. ._ . - .- - 
0. 03  0. 07 1. 03 
I 
~ 
i 
I Exposure  
i Time ,  Hr .  
 
24 
48 
96  
300 I -- -. _ _  
, 48 
96 
300 
- - 
FOR VITON A-4411A-990 (DuPont) 
- -  - - . - - - - 
VCMo Value 
125/25  C, m g / i n 2  
_. 
. - . . -. - - _--_ - .. - - . . -. . - __ 
6. 760318 1 0 . 0 3  0. 19 1. 11 
6.94201 7 0. 02 0. 27 0. 57 
6.883503 j : 0 .01  0. 07 1 0. 41 
! . . .  . -- . - . . . __ -. . 
6.025544 I 0. 05  
6. 154627 ' I 0 .03  
0 .02  
6.428760 I 0 . 02  
I 
6.229930 : 
._ 
____I__ _ _ _  _ _  _._--.. _ _ _  -- _-  --- ._ -___ - - - - - __ - 
E x p o s u r e  Weight Loss, 70 
T i m e ,  Hr.  S .  Wt., g Condensable Noncondensable 
2 4  4. 717015 0. 18 0. 57 
48 4. 767385 0. 33 0. 60 
96  4. 823076 0 .43  0. 64 
30 0 4. 797965 1. 06 0. 64 
0 . 2 1  
0. 19 
0. .20 
0. 23 
- ---^ _-- - _  __ 
VCoM Value 
125/25  C, m g / i n  
3. 58 
6. 88 
9. 05 
22 .03  
! 
1 :43 
0. 49 
0. 73 
0. 51 
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F IG.  1 VCM CURVES FOR VITON SAMPLES AT 125/25"C 
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FIG. 2 VCM CURVE FOR HYPALON A-2211A-2718 AT 125/25"C 
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Repor t  p rev ious ly  ci ted)  has  been  d isassembled ,  and construct ion on 
a n  improved  f o r m  of VCM units i s  well underway. The  ncw units will 
provide for  s imul taneous  VCM determinat ions for  10 to 1 2  ma te r i a l s ,  
and may b e s t  b e  desc r ibed  a s  individual "c lam-  she l l s ,  ' I  with appro-  
p r i a t e  suppor t s  t o  accommodate  any type of sample.  
have b e e n  spun f r o m  copper ,  and a t  the p re sen t  the heating e lements  
a r e  being affixed. 
b e  published when the  design, construct ion and operat ion a r e  finalized 
The c l am-she l l s  
Appropr ia te  design drawings  and i l lustrat ions will 
FUTURE WORK 
Work will continue toward the complet ion and ac tua l  operat ion 
of the improved  VCM units. 
It is ant ic ipated that work will commence  on the identification 
of r e l e a s e d  subs tances  via m a s s  spectroscopy and the charac te r iza t ion  
b y  i n f r a r e d  techniques of polymeric  m a t e r i a l s  be fo re  and a'fter vacuum- 
t h e r m a l  exposure.  
11 
